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The enantioselective amination of a-alkylated b-keto esters with azodicarboxylates using a chiral
dilithium binaphtholate as catalyst affords optically active a,a-disubstituted a-amino acid derivatives
in high enantioselectivities of up to 95% ee. A stoichiometric amount of lithium hydroxide accelerates
the amination. This method provides easy access to various chiral a,a-disubstituted a-amino acids in
high yields and with high enantioselectivities from readily available starting materials and chiral sources.

� 2016 Elsevier Ltd. All rights reserved.
Introduction

a,a-Disubstituted a-amino acids bearing a quaternary stere-
ogenic center often possess attractive bioactivities;1 however,
these a-amino acids do not occur in nature. Therefore, the develop-
ment of asymmetric syntheses for a,a-disubstituted a-amino acids
is a popular research area, and many asymmetric reactions have
been developed over the past several decades. Although carbon–
carbon bond forming reactions involving Strecker reactions2 and
Mannich reactions3 are the most conventional strategies for syn-
thesizing a,a-disubstituted a-amino acids, these amino acids can
also be accessed by carbon–nitrogen bond formation, realizing
amino-functionalization of substrates. In 2003, Jørgensen and co-
workers reported the asymmetric amination of a-alkylated b-keto
esters with electrophilic azodicarboxylates using a chiral Ph-bis
(oxazoline) (box)-copper complex as a chiral metal catalyst.4,5 In
particular, great efforts toward asymmetric amination with azodi-
carboxylates have been made using chiral organocatalysts involv-
ing cinchona alkaloids,6 ureas,7 guanidines,8 phase transfer
catalysts,9 squaramides,10 imidazolines,11 and primary amines.12

However, many of the substrates used in these asymmetric amina-
tions are cyclic a-alkylated b-keto esters, such as cyclohexanone
carboxylates and 1-indanone carboxylates.13 There are few exam-
ples of successful aminations using acyclic substrates, and this
topic has received little attention to date (Fig. 1a).5,9a,12,13a,f
We have recently reported the sufficient catalysis of asymmet-
ric conjugate addition to vinyl ketones by a chiral lithium binaph-
tholate in highly enantioselective manner.14 In particular, the
lithium binaphtholate catalyst was effective for acyclic a-alkylated
b-keto esters. Therefore, it was strongly expected that the lithium
binaphtholate catalysis realized the asymmetric amination of acyc-
lic a-alkylated b-keto esters. As part of our ongoing research efforts
directed at the development of a chiral lithium binaphtholate cat-
alyst, we herein report on the asymmetric amination of acyclic a-
alkylated b-keto esters with azodicarboxylates catalyzed by a chi-
ral lithium binaphtholate.

Results and discussion

We initially studied the amination of a-methylated b-keto ester
1a to tert-butyl azodicarboxylate 2x in the presence of (R)-3,30-Br2-
1,10-bi-2-naphthol (–BINOL) (10 mol %) and lithium hydroxide
(LiOH, 20 mol %) according to the reported conjugate reaction con-
dition.14 The reaction at 0 �C in diethyl ether afforded the corre-
sponding amino acid derivative 3ax in high yield and with good
enantioselectivity (6 h, 98% yield, 74% ee). The use of the parent
(R)-BINOL diminished the enantioselectivity (95% yield, 5% ee).
(R)-3,30-Cl2-BINOL and (R)-3,30-I2-BINOL gave the product 3ax in
61% ee and 64% ee, respectively. A strong solvent effect was
observed. Et2O was the best choice for the solvent (tert-butyl
methyl ether (TBME): 92% yield, 54% ee; cyclopentyl methyl ether
(CPME): 90% yield, 71% ee; tetrahydrofuran (THF): 35% yield, 65%
ee; 1,4-dioxane: 82% yield, 17% ee). The enantioselectivity was
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Figure 1. Asymmetric aminations of a-alkylated b-keto esters with azodicarboxy-
lates reported (a) previously and (b) in this work.
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further improved by lowering the reaction temperature to �60 �C
(24 h, 99% yield, 80% ee).15 We then investigated several reaction
conditions in detail and found that the use of a stoichiometric
amount of LiOH facilitated the amination in a highly enantioselec-
tive manner (24 h, 90% yield, 87% ee).16

Selected data for the asymmetric amination of a-alkylated b-
keto esters 1 with azodicarboxylates 2 are summarized in
Table 1.17 Methyl azodicarboxylate 2y and benzyl azodicarboxylate
2z reacted smoothly to give the corresponding adducts, albeit in
lower enantioselectivities (entries 2 and 3). We then examined
the substrate scope for various acyclic a-alkylated b-keto esters 1
with tert-butyl azodicarboxylate 2x (entries 4–8). The reaction of
isopropyl ketone 1b reached completion in 2 hours but gave lower
selectivity (entry 4). b-Keto ester 1c bearing an electron-withdraw-
ing atom on the aromatic ring reacted well at �60 �C, giving 3cx
with good enantioselectivity (entry 5). Although b-keto esters
1d–f bearing electron-donating groups required higher tempera-
Table 1
Enantioselective amination of acyclic a-alkylated b-keto ester 1 and azodicarboxylate 2a

Entry 1 R1 R2 R3 2

1 1a Ph Me Et 2x
2 1a Ph Me Et 2y
3 1a Ph Me Et 2z
4 1b i-Pr Me Et 2x
5 1c 4-F-C6H4 Me Me 2x
6 1d 4-MeO-C6H4 Me Me 2x
7d 1e 3,5-(MeO)2-4-Br-C6H2 Me Me 2x
8 1f 3,4-(MeO)2-C6H3 Me Me 2x
9 1g Ph Allyl Et 2y
10 1h Ph PhCH2 Et 2y

a Unless otherwise noted, the reaction was conducted by adding a solution of an azodic
Br2-BINOL (10 mol %), and LiOH (1.0 equiv) in Et2O (1 mL).

b Determined by HPLC.
c The absolute configuration is R.
d The reaction was conducted with 1.14 mmol scale of 1e.
tures, high enantioselectivities were observed in 3dx–3fx (entries
6–8). These results indicated that the electronic environment of
the aromatic ring affected the selectivities as well as reactivities.
Keto esters 1g and 1h afforded the products 3gy and 3hywith good
enantioselectivities by using methyl azodicarboxylate 2y instead of
2x (entries 9 and 10).18 These results indicated that a steric inter-
action between the R2 and R4 substituents dramatically influenced
the asymmetric induction. The highest enantioselectivity (95% ee)
was obtained in the reaction of a-benzylated b-keto ester 1h with
azodicarboxylate 3x. The absolute configurations of 3az and 3fx
were identified as R by comparison with the literature values for
the specific optical rotation or high-performance liquid chro-
matography (HPLC) retention time.5,13e The other substrates were
analogously estimated to be R.

Based on the absolute configuration of product 3, the proposed
transition state is shown in Figure 2. An equilibrium exists
between (R)-3,30-Br2-BINOL and lithium binaphtholates in the
reaction medium. Considering that a stoichiometric amount of
LiOH sufficiently improved both the reactivity and enantioselectiv-
ity, dilithium binaphtholate may be the most reactive species,
though the detailed structure is unclear. This effect may be related
to the ability of the azodicarboxylate 2 to participate in a two-point
binding with the lithium complex.19 In the formation of the S-iso-
mer, a steric hindrance between the R2 substituent on keto ester 1
and the R4 substituent on azodicarboxylate 2 might interrupt the
formation of the S-isomer, preferentially producing the R-isomer.

The proposed catalytic cycle is presented in Figure 3. The
dilithium binaphtholate 4 coordinates with keto ester 1 to form a
chiral lithium complex 5 in the presence of excess LiOH relative
to the catalyst. The complex 5 then engages with the azodicarboxy-
late 2, followed by an enantioselective carbon–nitrogen bond for-
mation. The dilithium binaphtholate 4 is dislocated from
complex 6 and reformed along with lithium amidate 7. In the case
of a catalytic amount of LiOH, monolithium binaphtholate gradu-
ally accumulates during the reaction, leading to a slower and less
selective conversion. Excess LiOH may retain a high concentration
of dilithium binaphtholate 4 in the reaction medium, resulting in a
highly enantioselective transformation.
R4 Temp., �C Time, h 3 Yield, % Ee, %b

t-Bu �60 24 3ax 90 87
Me �60 24 3ay 99 64
Bn �60 24 3az 92 54c

t-Bu �60 2 3bx 85 54
t-Bu �60 24 3cx 98 78
t-Bu �40 24 3dx 96 80
t-Bu �20 24 3ex 93 88
t-Bu �30 24 3fx 95 89c

Me �60 24 3gy 86 82
Me �60 24 3hy 82 95

arboxylate 2 (1.05 equiv) in Et2O to a solution of a keto ester 1 (0.50 mmol), (R)-3,30-



Figure 2. Possible transition state in the asymmetric amination of a-alkylated b-
keto esters.

Figure 3. Plausible catalytic cycle for the asymmetric amination of a-alkylated b-
keto esters.
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Conclusions

Wereport the development of a lithiumbinaphtholate-catalyzed
asymmetric amination of acyclic a-alkylated b-keto esters with
azodicarboxylate, affording optically active a,a-disubstituted
amino acid derivatives. This reaction can extend the substrate scope
for the amination to acyclic a-alkylated b-keto esters. The use of a
stoichiometric amount of LiOH dramatically enhanced the reactiv-
ity, realizing a highly stereoselective transformation. This method
provides access to various chirala,a-disubstituted amino acids from
readily available starting materials and chiral sources. We are pre-
sently developing a method for synthesizing bioactive compounds
using this asymmetric amination.
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