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Direct asymmetric a-amination of unmodified aldehydes with azodicarboxylates in ionic liquids in the
presence of imidazolium ion-tagged L-proline organocatalyst 1 gives excellent enantioselectivities (up
to 98% ee) and high chemical yields. The system can be easily recycled and reused for at least four times
without significant loss of yields and enantioselectivity.

� 2010 Published by Elsevier Ltd.
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Molecules containing an amino functional group are important
building blocks used to construct many biologically active com-
pounds. Therefore, many different diastereo-1 and enantioselec-
tive2 methods have been developed for the formation of carbon–
nitrogen bonds which are highly attractive to many organic syn-
thetic chemists. The first direct enantioselective a-amination of
aldehydes with azodicarboxylates catalyzed by proline via enam-
ine intermediate3 was simultaneously and independently reported
by List4 and Jørgensen et al.5 in 2002, in which moderate to high
yields and excellent enantioselectivity were obtained. Shortly after
those reports, Jørgensen and co-workers extended the scope of this
reaction to ketone substrates.6 Similar reaction conditions to those
applied for aldehydes were used to obtain a-hydrazino ketones
with high enantioselectivities. The substrate scope of the proline-
catalyzed direct a-amination was also expanded to racemic a,a-
disubstituted aldehydes to generate a quarternary stereocenter
by Bräse7 and Barbas8 and their co-workers. Barbas and co-work-
ers9 combined a-amination of aldehydes with an acetone aldol
reaction to produce optically active b-hydrazino alcohols. In addi-
tion, several organocatalysts other than proline have also been
developed for a-amination of aldehydes and ketones.10 Further
developments in the a-amination also include that the reaction
was carried out in ionic liquids instead of conventional organic sol-
vents.11 Unlike the case with conventional organic solvents, only a
Elsevier Ltd.
slight excess of aldehyde and a relatively short period of time are
sufficient to obtain the aminated products.

Recently, chiral ionic liquids (CILS),12 especially functional ionic
liquids13 or task specific ionic liquids have been introduced in
many publications due to their unique characteristics and environ-
mentally benign practices. But so far, there are very few reports on
CILS as organocatalysts for asymmetric reactions and most of them
were used as reaction media for inducing asymmetric synthesis.14

In our previous studies, the novel imidazolium ion-tagged proline
1 was developed and successfully applied to catalyze a-aminoxyla-
tion of aldehydes and ketones with nitrosobenzene in ionic liquids,
thus affording aminoxy alcohol or ketone with excellent enantiose-
lectivity (Scheme 1).15 In order to explore the further application of
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Scheme 1. a-Aminoxylation of aldehydes and ketones in [bmim] [BF4] catalyzed by 1.
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Table 2
The direct a-amination of various aldehydes 2a–f with amine sources 3a–c by
catalyst 1
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catalyst 1, in this context, we decided to investigate its perfor-
mance in the direct a-amination of aldehydes with azodicarboxy-
lates in ionic liquids.

Initially, propionic aldehyde (2a) was selected as a model sub-
strate for direct a-amination reaction with dibenzyl azodicarbox-
ylate (3a) catalyzed by catalyst 1. The results for the reaction
carried out under various conditions are presented in Table 1.
The aminated product was reduced to the primary alcohol with
sodium borohydride because a-hydrazine aldehyde intermediate
is configurationally labile. At first, the reaction was performed
in different solvents at room temperature in the presence of
10 mol % 1 (Table 1, entries 1–9). In most conventional organic
solvents, the chemical yields and enantioselectivities of a-hydra-
zine alcohol 4a were disappointing (Table 1, entries 1–5). How-
ever, in acetonitrile the reaction proceeded in good yield and
with satisfactory enantioselectivity (Table 1, entry 6). Ionic liquids
have previously been used as solvents for organocatalytic reac-
tions15,16 due to the many advantages over traditional organic
ones, such as non-volatility, easy recycling, and environmental
friendliness. Catalyst 1 containing an ionic liquid unit could be
well dissolved in the ionic liquid. We then investigated this reac-
tion in both [bmim] [BF4] and [bmim] [PF6]. High chemical yields
and good enantioselectivities were obtained in these two kinds of
ionic liquids in a short reaction time. The ionic liquid [bmim]
[BF4] as solvent was a little better than [bmim] [PF6] under the
same reaction conditions (Table 1, entries 8 and 9). Other green
solvents such as brine were also examined but unfortunately,
no reaction took place when brine was used as the reaction med-
ium (Table 1, entry 7). The enantioselectivity increased to 95%
when reaction temperature was lowered to 0 �C in [bmim] [BF4]
and negligible reaction time was sacrificed (Table 1, entry 10).
The effects of the catalyst amount on yield and enantioselectivity
were also studied. Experimental results showed that the catalyst
loading had a slight effect on enantioselectvity but greatly influ-
enced catalytic activity. When a loading as low as 5 mol % 1
was used, the yield reduced from 96% to 76% in spite of a slight
loss in enantioselectvity (Table 1, entry 11).17
Table 1
Optimizing reactions for the direct a-amination of 2a with 3a in the presence of 1a
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Entry Solvent Time (min) Yieldb (%) eec (%)

1 Hexane 360 56 25
2 CH2Cl2 15 83 55
3 THF 60 76 34
4 Dioxane 60 72 26
5 CH3OH 30 65 34
6 CH3CN 30 86 89
7 Brine 360 Trace n.d.d

8 [bmim] BF4 10 92 91
9 [bmim] PF6 10 93 89
10e [bmim] BF4 20 96 95
11f [bmim] BF4 20 76 92

a Unless otherwise specified, in all cases 3a (0.25 mmol) was added to a mixture
of 2a (0.5 mmol) and catalyst 1 (10 mol %) in various solvents (1.5 mL) at room
temperature.

b Isolated yield.
c (R) configuration determined by chiral HPLC with a Chiralpak OD-H.
d Not determined.
e Performed with 10 mol % 1 at 0 �C.
f Performed with 5 mol % 1 at 0 �C.
To explore the potential and scope of catalyst 1 for direct enan-
tioselective a-amination, we examined the reaction of a variety of
alkyl-substituted aldehydes (2a–f) with azodicarboxylates (3a–c)
under the optimized protocol, employing 10 mol % 1 in [bmim]
[BF4] and followed by reduction with NaBH4 at 0 �C. The results
are summarized in Table 2. The desired a-aminated alcohols (4a–
g) were obtained with high chemical yields (89–96%) and excellent
enantioselectivities (92–98% ee). When the chain of the R1 substi-
tuent changed from methyl to n-butyl, the reaction time was pro-
longed and the chemical yield of a-aminated alcohols was slightly
decreased (Table 2, entries 1–4). The sterically crowded substrate
2e reacted a little slowly but with the highest enantioselectivity
(Table 2, entry 5). Diethyl and diisopropyl azodicarboxylates (3b
and 3c) were also used as nitrogen source for asymmetric a-ami-
nation of aldehyde (2f) which has benzene chromophore, facilitat-
ing HPLC analysis. Aminated products 4f and 4g were both
obtained in high yields (93% and 95%, respectively) and with very
excellent enantioselectivities (96% and 95%, respectively; Table 2,
entries 6 and 7).

In addition, we have also examined the recyclability and reuse
of the 1/[bmim] [BF4] system under optimized reaction conditions.
The direct asymmetric a-amination reaction of propionic aldehyde
(2a) with dibenzyl azodicarboxylate (3a) was chosen as a model
study. After the reaction had finished, the reaction system was ex-
tracted with ethyl ether to give the crude product (a-hydrazine
Entry R1 R2 Time (min) Yielda (%) eeb (%)

1 Me (2a) Bn (3a) 20 96 (4a) 95
2 Et (2b) Bn (3a) 20 93 (4b) 94
3 Pr (2c) Bn (3a) 40 90 (4c) 92
4 Bu (2d) Bn (3a) 40 91 (4d) 96
5 i-Pr (2e) Bn (3a) 40 89 (4e) 98
6 Bn (2f) Et (3b) 30 93 (4f) 96
7 Bn (2f) i-Pr (3c) 30 95 (4g) 95

a Isolated yield.
b Determined by chiral HPLC analysis.

Table 3
Reuse of 1/[bmim] BF4 reaction system
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aldehyde intermediate), whereas the ionic liquid residue contain-
ing 1 was dried under vacuum for about 60 min at 60 �C, and re-
used for the next run of reaction. This procedure could be
repeated for four times and the product could be obtained without
significant decrease in enantioselectivities and yields (Table 3).18

In summary, we successfully applied the imidazolium ion-
tagged proline 1 to catalyze the direct asymmetric a-amination
of unmodified aldehydes with azodicarboxylates. In ionic liquids
as reaction solvents, the desired a-aminated alcohols were ob-
tained with high chemical yields and excellent enantioselectivities
in a short period of reaction time. Furthermore, it is remarkable
that the catalyst 1/[bmim] [BF4] system could be easily recycled
and retained similar reactivity as well as enantioselectivity after
four recycles.
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