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The catalytic enantioselective electrophilic a-hydrazination promoted by chiral bifunctional organocata-
lysts 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 enantio-
meric excesses (93–99% ee).

� 2008 Elsevier Ltd. All rights reserved.
Amino acids constitute one of the most important families of
natural products and are used as pharmaceuticals, agrochemicals,
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 consider-
able attention over the past decades.2 The most popular methods
for the catalytic asymmetric synthesis of a-amino acids are C–C
bond formation and include the catalytic hydrogenation of
a-dehydroamino acids,3 alkylation of a tert-butyl glycinate-benzo-
phenone Schiff base4 using phase-transfer catalysts, and addition
to imines using Strecker5 and Mannich reactions6 with chiral Lewis
acids or organocatalysts.

The catalytic enantioselective electrophilic amination of car-
bonyl compounds represents an efficient and the simplest proce-
dures to generate stereogenic carbon center attached to a
nitrogen atom.7 Recently, several groups presented the direct
enantioselective amination of 1,3-dicarbonyl compounds catalyzed
by chiral Lewis acids,8 cinchona alkaloid,9a chiral urea,9b and chiral
guanidines9c as organocatalysts. Bifunctional organocatalysts pos-
sessing a combination of thiourea and amine groups have been
developed for activation of both electrophilic and nucleophilic
components. They have emerged as powerful tools for the enantio-
selective formation of carbon–carbon bond and carbon–hetero-
atom bonds.10 Nonetheless, substrate dependence still remains
an important issue in asymmetric reactions using bifunctional
organocatalysts. Therefore, the development of highly efficient
ll rights reserved.

: +82 41 530 1247.
chiral amine–thiourea catalysts, which show high enantioselec-
tively for a broad scope of substrates, is still in great demand.

As part of research program related to the development of
synthetic methods for the enantioselective construction of stereo-
genic carbon centers,11 we report the catalytic enantioselective
amination of ester derivatives promoted by chiral palladium com-
plexes.8f,11f To the best of our knowledge, there are no example of
the electrophilic a-hydrazination of b-ketoesters using thiourea-
based organocatalysts. In this Letter, we wish to report the direct
a-amination of b-ketoesters 1 catalyzed by using chiral amine–
thiourea bifunctional organocatalysts with azodicarboxylates 2 as
the electrophilic nitrogen source.

We envision that the assembly of a structurally well-defined
chiral 1,2-diamine and binaphthyl scaffold with a thiourea motif
could constitute a new class of bifunctional organocatalyst. The
rigid binaphthyl structure can serve as an efficient stereocontrol-
ling element. The new bifunctional organocatalysts IV–VII were
synthesized according to the reported procedure from the reaction
of 3,5-bis(trifluoromethyl)phenyl iso(thio)cyanate with chiral 1,2-
diamines containing (R)-binaphthyl moiety.12,13

A survey of some reaction parameters was performed, and some
representative results are presented in Table 1. Our investigation
began with the catalytic enantioselective electrophilic amination
of indanone carboxylate 1a with tert-butyl azodicarboxylates 2 as
the electrophilic aminating reagent in toluene at room tempera-
ture in the presence of 10 mol % of catalysts. We surveyed chiral
thioureas containing a tertiary amine as catalysts (Fig. 1). High
yields with moderate enantioselectivities (15–67% ee) were
observed for structurally variable bifunctional catalysts (entries
1–7). Under the standard reaction conditions, catalyst V exhibited
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Table 1
Optimization of the reaction conditions

O

OR1

O

+
N
N

CO2R2

R2O2C

    cat.
(10 mol%)

O

OR1

O

solvent, rt NCO2R2

NHCO2R2

1 2 3

*

Entry 1, R1 2, R2 Cat. Solvent Time (h) Yielda (%) eeb (%)

1 1a, Me 2a, t-Bu I Toluene 0.5 3a, 95 40
2 1a, Me 2a, t-Bu II Toluene 0.3 3a, 94 15
3 1a, Me 2a, t-Bu III Toluene 0.5 3a, 92 50
4 1a, Me 2a, t-Bu IV Toluene 0.5 3a, 91 51
5 1a, Me 2a, t-Bu V Toluene 0.3 3a, 96 67
6 1a, Me 2a, t-Bu VI Toluene 0.5 3a, 90 55
7 1a, Me 2a, t-Bu VII Toluene 1 3a, 85 �51
8 1a, Me 2b, i-Pr V Toluene 0.3 3ab, 95 55
9 1a, Me 2c, Et V Toluene 0.3 3ac, 94 17

10 1a, Me 2a, t-Bu V CH2Cl2 2 3a, 90 57
11 1a, Me 2a, t-Bu V THF 2 3a, 93 57
12 1a, Me 2a, t-Bu V Acetone 24 3a, 90 53
13 1a, Me 2a, t-Bu V t-BuOH 2 3a, 91 39
14 1b, Et 2a, t-Bu V Toluene 0.3 3b, 95 40
15 1c, Bn 2a, t-Bu V Toluene 0.3 3c, 93 33
16 1d, t-Bu 2a, t-Bu V Toluene 4 3d, 94 90
17c 1d, t-Bu 2a, t-Bu V Toluene 11 3d, 93 99

a Yield of isolated product.
b Enantiopurity of 3 was determined by HPLC analysis using Chiralpak AD-H column.
c Reaction was carried out at �70 �C.
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better enantioselectivity (67% ee, entry 5), where catalyst III affor-
ded product 3 in lower enantioselectivity (50% ee, entry 3). These
N

N

O

N
H HN

S CF3

CF3

N

N

O

N
H HN

S

NH

N

HN

HN
S

CF3

F3C

N
H

N
H

S

N

CF3

CF3

I II

III IV

N

HN

HN
X

CF3

F3C

V : X = S

N

HN

HN
S

CF3

F3C

VIIVI : X = O

Figure 1. Structures of various chiral thiourea-tertiary amine catalysts.
results represent that increasing the sterical demand of the catalyst
increases the selectivity. Compared with catalyst V, diastereomeric
catalyst VII gave desired product 3 in lower enantioselectivity with
the reversal absolute configuration as that of major enantiomer
(�51% ee, entry 7). It suggest that chirality of (R)-binaphthyl moi-
ety and (1S,2S)-diaminocyclohexane unit in catalyst V is matched
in this reaction. Varying the structure of the azodicarboxylates
had an impact on asymmetric induction (entries 5, 8, and 9). The
best results have been obtained with tert-butyl ester of azodicarb-
oxylates. Concerning the solvent (entries 5, 10–13), there is a little
influence on the stereochemical outcome of the process but a sig-
nificant impact on the reaction time. The nature of ester group of b-
ketoesters has a significant impact on the selectivity (entries 5, 14–
16). When employing synthetically attractive, but sterically hin-
dered, tert-butyl ester of indanone carboxylate 1d, the correspond-
ing aminated adduct 3d was isolated with high enantioselectivity
of 90% ee (entry 16). Finally, we conducted the amination at low
temperature in order to improve the enantioselectivity. The
enantioselectivity was elevated at �70 �C in the reaction catalyzed
by organocatalyst V, and up to 99% ee was obtained in good iso-
lated yield (93%) after 11 h (entry 17).

To examine the generality of the catalytic enantioselective ami-
nation of b-ketoesters 3 by using new bifunctional organocatalyst
V, we studied the amination of various b-ketoesters 1.14 As it can
be seen by the results summarized in Table 2, the corresponding
a-aminated b-ketoesters 3 were obtained in high to excellent
yields and excellent enantioselectivities. The cyclic b-ketoesters
1d–h, with cyclic aromatic ketones 1d–g and cyclic aliphatic ke-
tone 1h, reacted with tert-butyl azodicarboxylates 2 to give the
corresponding a-aminated b-ketoesters 3d–h in 85–95% yields
and 93–99% ee. In the contrast to the cyclic b-ketoesters, unfortu-
nately, the reaction of acyclic b-ketoesters with azodicarboxylate
proceeded slowly even at room temperature to give the a-aminat-
ed products in low enantioselectivity (Scheme 1).

Although the reason for the observed enantioselectivity is still
unclear, we believe that a carbonyl group of the azodicarboxylate
is activated by a thiourea moiety through hydrogen bonding, and



Table 2
Catalytic enantioselective amination of b-ketoesters
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1d : n = 1, R = H
1e : n= 1, R = OMe
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Entry 1 Temp. (�C) Time (h) Yielda (%) eeb (%)

1 1d �70 11 3d, 93 99
2 1d �30 10 3d, 94 95
3 1e �30 7 3e, 95 97
4 1f �70 10 d 3f, 85 93
5 1g �30 3 3g, 92 93
6 1h �30 36 3h, 93 97 (R)c

a Yield of isolated product.
b Enantiopurity of 3 was determined by HPLC analysis using Chiralpak AD-H (for 3d, 3f, 3g, 3h) and (S,S)-Whelk-O1 (for 3e) columns.
c Absolute configuration was determined by comparison of the optical rotation and the HPLC retention time of the corresponding ester with literature value.8g
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b-ketoester is activated by the basic nitrogen atom in tertiary
amine (Fig. 2). These interactions control the stereochemical out-
come of the reaction and accelerate the reaction rate.

In conclusion, we have developed a highly efficient catalytic
enantioselective a-amination of cyclic b-ketoesters using new
bifunctional organocatalyst V. The desired a-aminated products
were obtained in good to high yields, and excellent enantioselec-
tivities (93–99% ee) were observed. We believe that this method
provides an efficient route for the preparation of chiral a-amino
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Figure 2. Proposed stereochemical model.
acid derivatives, and the availability of these compounds should
facilitate medicinal chemical studies in various fields. Further
study of these new bifunctional organocatalysts in asymmetric
reactions is being under investigation.
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