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The Cu(OTf)2-bipyridine-catalyzed, enantioselective, direct a-amination of b-keto esters and b-diketones
with diethyl azodicarboxylate (DEAD) has been studied. Exceptionally high enantioselectivities of up to
99% ee were found for 1-indanone-based b-keto esters in particular even for substrates and reagents car-
rying conventional ester groups such as methyl and ethyl.

� 2010 Elsevier Ltd. All rights reserved.
The direct a-amination of b-keto esters provides an excellent Jørgensen and co-workers established the high catalytic effi-
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route for the synthesis of non-natural a,a-disubstituted a-amino
acid derivatives through the construction of stereogenic carbon cen-
ter attached to the nitrogen atom.1 Optically active amino acids are
broadly utilized with application in pharmaceuticals, agrochemi-
cals, and after all they are the fundamental building blocks for vari-
ous natural products and biologically active molecules.2 Therefore,
catalytic enantioselective a-amination of b-keto esters with azodi-
carboxylates has gained huge attention for the preparation of opti-
cally active non-natural amino acid derivatives. Some of the
catalytic enantioselective systems that have been employed for this
purpose with varying degrees of success include Cu(II)-Ph-box,3

cinchonidine and cinchonine,4 b-isocupreidine,5 Cu(II)-Ph-trisox,6

chiral urea,7 chiral guanidine,8 Pd-complexes,9 Eu(III)-ip-pybox,10

La–amide complex11 quaternary phosphonium salts,12 amine–
thiourea bifunctional organocatalysts,13 quaternary ammonium
bromide,14 and Ni(II)-complexes.15

One of the major limitations associated with most of these cat-
alytic systems is the requirement to use bulky and less convenient
b-keto esters and/or bulky azodicarboxylates such as the corre-
sponding diisopropyl and ditert-butyl derivatives in order to
achieve high enantioselectivities. Therefore, there is still a need
for the development of convenient enantioselective methods
which use synthetically more easily accessible b-keto methyl es-
ters and the commercially available and cheap reagent diethyl azo-
dicarboxylate (DEAD).
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ciency of Cu(OTf)2 in the a-amination of b-keto esters.3a With
(S)-Ph-box as chiral ligand they were able to isolate the a-aminat-
ed product with high enantiomeric excess. More recently, addi-
tional enantioselective methods have been reported based on the
use of a combination of Cu(OTf)2 and various chiral ligands.3b,c

Based upon our recent experience with chiral bipyridine 316 in me-
tal-catalyzed epoxide-opening reactions17 we envisioned that a
metal–bipyridine complex might be a good chiral catalyst for the
highly enantioselective a-amination of b-keto esters.

In this Letter, we wish to report the enantioselective direct
a-amination of cyclic b-keto esters 1 with diethyl azodicarboxylate
(DEAD) 2 catalyzed by an in situ-generated chiral Cu(II)–bipyridine
3-complex.18

Initially we studied various metal triflates in combination with
bipyridine 3 as chiral catalysts for the a-amination of b-keto ester
1a with DEAD (Scheme 1). While, for example, Sc(OTf)3, Y(OTf)3,
EtO2CN NCO2Et
2

Scheme 1. Reaction between 1-indanone-based b-keto ester 1a and diethyl
azodicarboxylate (DEAD) 2 in the presence of Cu(OTf)2 and chiral 2,20-bipyridine 3.
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and Yb(OTf)3 each were capable of catalyzing the model reaction
with full conversion, the enantioselectivities remained poor to
moderate and did not improve beyond 72% ee. On the other hand,
the Cu(OTf)2–bipyridine-catalyst (10 mol %) furnished a-aminated
product 4a in 84% yield and with 94% ee after stirring for 12 h at rt
in CH2Cl2. Lowering the temperature to 0 �C further increased the
enantioselectivity to 97% ee with almost identical chemical yield
(Scheme 1).19 Interestingly, when the temperature was further de-
creased to �55 �C, the selectivity dropped significantly to 85% ee.
Table 1
Enantioselective amination of b-keto esters and 1,3-dicarbonyl compounds 1a–l
catalyzed by Cu(OTf)2-chiral bipyridine 3a

Entry Substrate Product Yieldb (%) Eec (%)

1

O
CO2Me

1a

4a 81 97

2

O
CO2Et

1b

4b 82 97

3

O
CO2t-Bu

1c

4c 80 99

4

O
CO2Me

MeO 1d

4d 86 >99

5

O
CO2Me

Cl 1e

4e 78 93

6

O
CO2Me

Br 1f

4f 81 93

7

O
CO2MeMe

1g

4g 79 98

8

O
CO2MeMeO

1h

4h 82 97

9

O
CO2Me

CF3 1i

4i 74 79d

10

O O

1j

4j 66 45

11

O O

1k
4k 68 47

a Typical reaction conditions: 0.2 M in CH2Cl2 at 0 �C for 24 h.
b Isolated yield.
c The ee was determined by chiral HPLC analysis using a Daicel Chiracel OD-

column and hexane–isopropanol mixtures as solvent.
d The reaction was carried out at room temperature.
e The assignment of absolute configuration is based upon the comparison of

optical rotation with the literature values.12
Having identified optimal conditions we studied the scope of
this reaction over a series of cyclic b-keto esters and b-diketones
(Table 1). In general, 1-indanone-based b-keto esters gave excel-
lent enantioselectivities for almost all substrates investigated (en-
tries 1–9). Both electron-rich and electron-poor b-keto esters
performed equally well and delivered the products with up to
99% ee. Substitution at both the 5- and 6-positions of the indanone
backbone was possible without seriously affecting the enant-
ioselectivitty of the reaction. Solely the 4-CF3-substituted indanone
gave rise to only 79% ee in this reaction (entry 9).

More importantly, the use of tert-butyl esters and/or diisopropyl
or ditert-butyl azodicarboxylates proved to be not mandatory for a
highly enantioselective amination reaction although the use of
tert-butyl ester 1c actually further enhanced the selectivity (entry
3, 99% ee). In general, we employed the more conventional and
easily prepared b-keto methyl esters 1a and 1d–i as substrates
which furnished the amination products with high enantioselectiv-
ity as well (entries 1 and 4–9).

Changing the substrate backbone to a 1-tetralone-based or a
non-aromatic b-dicarbonyl compound significantly deteriorated
the enantioselectivity of the reaction and furnished the products
with only 45–47% ee (entries 10 and 11).

A single crystal of the chiral copper(II)–bipyridine-complex
coordinated to b-keto ester 1d suitable for X-ray diffraction
analysis was obtained from dichloromethane–pentane solution
( Fig. 1).20 The structure of the complex displays a distorted
square-pyramidal geometry around the Cu(II)-center. The two
bipyridyl nitrogen atoms N1 and N2 as well as the ketone oxygen
atom O1 and one of the hydroxyl oxygen atoms O5 are attached in
the square plane and the ester oxygen atom O2 is located in the
apical position of the complex. The b-keto ester is positioned
almost orthogonal relative to the square plane of the complex
(80�). Interestingly, the bipyridine ligand 3 binds to the copper
atom only in a three-coordinate fashion leaving one of the hydro-
xyl groups free. The enantiofacial differentiation in the amination
event is now most likely the result of hydrogen bonding of the
more acidic hydroxyl proton attached to the copper-bound oxygen
atom O5 to the basic azodicarboxylate which is thereby activated
toward nucleophilic attack and directed to the open si-face of the
enolate.

In conclusion, we have developed a chiral copper–bipyridine
catalyst for the highly enantioselective a-amination of b-keto es-
ters which gives rise to non-natural a,a-disubstituted a-amino
acid derivatives. 1-Indanone-based b-keto esters proved to be
excellent substrates for this process which were aminated with
Figure 1. ORTEP (50% ellipsoid) of Cu(OTf)2–bipyridine–1d complex. Hydrogen
atoms as well as the non-coordinating triflate anions have been omitted for clarity.



1862 S. Ghosh et al. / Tetrahedron Letters 51 (2010) 1860–1862
up to 99% ee in good yields whereas other 1,3-dicarbonyl com-
pounds gave rise to only moderate enantioselectivity. A crystal
structure of the substrate-bound catalyst provides information re-
lated to the origin of enantiofacial discrimination.
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