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ABSTRACT

The first organocatalytic asymmetric three-component Strecker reaction, the urea-catalyzed acylcyanation of in situ generated imines, has
been developed. Different r-amido nitriles are formed in excellent yields and enantioslectivities from aldehydes, amines, and acyl cyanides
in the presence of Jacobsen’s thiourea catalyst 5. Despite its obvious use for the synthesis of r-amino acids and their derivatives, our
reaction may find use in diversity oriented synthesis and medicinal chemistry.

Catalytic asymmetric Strecker reactions are highly useful for
the preparation of chiralR-amino acid derivatives.1 Although
there are already a number of versatile indirect variants of
this transformation,2,3 only a single direct catalytic asym-
metric three-componentStrecker reaction of aldehydes,
aromatic amines, and HCN has been described by Kobayashi
et al.4 Replacing the highly toxic and volatile HCN in such

catalytic asymmetric Strecker reactions with a more conve-
nient cyanide source and expanding the scope of the amine
component would clearly be desirable. We have recently
developed a novel variant of the Strecker reaction, the
Brønsted acid catalyzed acylcyanation of imines (acyl-
Strecker reaction) with commercially available acetyl cyanide
as an HCN equivalent (Scheme 1, eq 1).5,6 Previously, acetyl

cyanide and other cyanoformates have only been used in
catalytic enantioselective acylcyantions of carbonyl com-
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Scheme 1. Discussed Strecker Variants
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pounds.7 After investigating several chiral phosphoric acid
and thiourea catalysts,8,9 we identified Jacobsen thiourea5
to be an effective and highly enantioselective catalyst of this
reaction.10 Our two-step protocol (imine formation, acetyl-
cyanation) may be considered a simplification of the Jacob-
sen-Strecker reaction where three operationssimine for-
mation, Strecker reaction, and amide formationsare required
to isolate a stableR-amido nitrile product (eq 2).2 We
reasoned that a further refinement of the reaction might be
possible by developing an attractive one-pot three-component
catalytic asymmetric acyl-Strecker reaction (eq 3).

Such a process would constitute the first organocatalytic
asymmetric three-component Strecker-type reaction. More-
over, as a three-component reaction, this methodology may
benefit diversity oriented synthesis. Here we report the
successful realization of this concept.

Initially we found that stirring benzaldehyde (2a), benzyl
amine (3a), MgSO4, catalyst5, and acetyl cyanide (1a) at 0
°C for 24 h in toluene resulted in poor yield of the desired
product4a and side product formation. Not unexpectedly, a
considerable amount ofN-benzyl acetamide was formed
resulting from the direct reaction of benzyl amine with acetyl
cyanide. We hypothesized that to suppress this side reaction,
the order of reagent mixing may be crucial. Indeed, when
acetyl cyanide was added last, significant conversion to the
desired product could be realized (Table 1, entry 1).

However, the product was formed with poor enantioselec-
tivity. Switching the drying reagent to 5 Å molecular sieves
and the solvent to dichloromethane significantly improved
the enantioselectivity (entries 2-5). Even higher enantiose-

lectivity was observed after lowering the temperature to-40
°C (entry 6). Finally, we realized that the best result (98%
yield, 97:3 er) was obtained if the aldehyde was first mixed
with the amine and MS 5 Å for 2 h at rt before the catalyst
and acetyl cyanide were added subsequently at-40 °C
(entries 7 and 8). Decreasing the catalyst loading to 1 mol
% resulted in considerably lower yield and enantioselectivity.

With optimal reaction conditions established we initiated
a study to explore the scope of this new catalytic asymmetric
three-component reaction.11 First, the reaction of a variety
of different aldehydes2 with benzyl amine (3a) as the amine
component and acetyl cyanide (1a) was examined (Table
2).12 Noteworthy, the reactions took place efficiently in good

to excellent yields with a high level of enantioselectivity for
all studied aldehydes. Particularly high enantioselectivities
were observed with aromatic aldehydes (entries 1-4) and
anR,â-unsaturated aldehyde (entry 5). But even an aliphatic
branched and anR-trisubstituted aldehyde gave excellent
enantioselectivities (entries 6 and 7). In the case of the most
challenging R-unbranched aldehydes (entries 8 and 9),
slightly lower er values were obtained. However, at least in
the case of 3,3-dimethylbutanal, the er could be significantly
increased (96:4) when we used 10 mol % of catalyst5.
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Table 1. Optimizing the Reaction Conditions

entrya solvent additive temp (°C) yield (%) er

1 toluene MgSO4 0 84 57:43
2 toluene MS 5 Å 0 10 80:20
3 CH2Cl2 none 0 63 74:26
4 CH2Cl2 MgSO4 0 68 78:22
5 CH2Cl2 MS 5 Å 0 66 87:13
6 CH2Cl2 MS 5 Å -40 83 94:6
7b CH2Cl2 MS 5 Å -40 85 97:3
8c CH2Cl2 MS 5 Å -40 98 97:3

a Aldehyde, amine, additive, and catalyst were stirred for 2 h at 0°C
before acetyl cyanide was added.b Aldehyde, amine, and additive were
stirred for 2 h at 0°C before the catalyst and acetyl cyanide (at-40 °C)
were added.c Aldehyde, amine, and additive were stirred for 2 h at rtbefore
the catalyst and acetyl cyanide (at-40 °C) were added.

Table 2. Catalytic Asymmetric Acylcyanation of Different
Aldehydes with Acetyl Cyanide and Benzyl Amine

a Aldehyde2 (0.5 mmol), benzyl amine (3a, 0.5 mmol), and molecular
sieves 5 Å (150 mg) were stirred at rt for 2 h in CH2Cl2 (2 mL). Catalyst
5 (0.025 mmol) and after cooling to-40 °C acetyl cyanide1a (0.75 mmol)
were added and the mixture was stirred for 36 h before the usual workup.
b Determined by chiral HPLC.c With 10 mol % of catalyst5.
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A variety of amines were probed next with benzaldehyde
(2a) as the aldehyde component (Table 3). It turned out that

three different benzyl amines can be used to give the products
in high yields and excellent enantioselectivities (entries 1-3).
The electronic properties of the aromatic system of the amine

component do not seem to influence the yield and enantio-
selectivity of the reaction. Furfuryl amine having an het-
eroaromatic moiety can also be employed (entry 4). Allyl
amine has also been used and still gave the desired product
in good results (entry 5). Moreover, the reaction also affords
the product with a simple alkyl amine although in slightly
lower enantioselectivity (entry 6). Apparently, the third
component of our reaction can be varied equally well. In
preliminary experiments we found that heptanoyl cyanide
reacts with benzaldehyde and benzyl amine to provide
product4p in 84% yield and 94:6 er (entry 7).13 That the
reaction products (i.e.,4g) can readily be converted into
R-amino acids and their salts without racemization and in
high yields via acid-mediated hydrolysis and hydrogenolysis
has previously been established in our laboratories.10

In summary, we have developed the first organocatalytic
asymmetric variant of the classical three-component Strecker
reaction. The operational simplicity, practicability, and mild
reaction condition render it an attractive approach for the
generation of differentR-amido nitriles. In comparison to
the Jacobsen-Strecker reaction, which uses the same cata-
lysts, the newly developed variant avoids highly toxic HCN,
does not require preformation of the imine intermediate, and
avoids derivatization with TFAA. Despite its obvious use
for the synthesis ofR-amino acids and their derivatives, our
reaction may find use in diversity oriented synthesis and
medicinal chemistry.
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Table 3. Catalytic Asymmetric Acylcyanation of Benzaldeyde
with Different Amines and Acyl Cyanides

a Reaction conditions as described in Table 2 were used.b Determined
by chiral HPLC.
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