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The operational simplicity, relative atom economy, and ready
availability of starting materials make the Strecker synthesis a
cornerstone technology for the preparation of both natural
and unnatural a-amino acids today—over 150 years after
Adolf Strecker first reported the synthesis of alanine by the
hydrolysis of the adduct formed from the addition of
ammonia and hydrogen cyanide to acetaldehyde. The addi-
tion of HCN to a preformed imine in general is often referred
to as the Strecker reaction.[1] Over 100 years passed before the
first asymmetric Strecker synthesis using a chiral imine
formed in situ was accomplished,[2] and it was not until the
mid-1990s that the development of general, enantioselective
catalytic Strecker processes gathered appreciable pace.[3]

Currently a surfeit of catalyst systems capable of promoting
highly efficient asymmetric Strecker reactions to form chiral
a-amino nitriles from aldimines are available.[3,4] The corre-
sponding processes using ketimine substrates have proved
somewhat more difficult and of narrower scope, with the first
effective catalytic asymmetric system reported in 2000.[5]

Ketimines are less electrophilic than their aldimine counter-
parts, however of importance in the context of asymmetric
catalysis is their lower potential for discrimination between
the enantiotopic ketimine faces by a catalyst owing to the
presence of a relatively bulky alkyl moiety in place of the
small aldimine hydrogen substituent. Unsurprisingly there-
fore, the catalytic enantioselective hydrocyanation of aliphat-
ic ketimines (in particular those not derived from methyl
ketones) is a significant challenge. Notwithstanding these
difficulties, the medicinal and biological relevance of a,a-
disubstituted amino acids, which are not readily available
directly from the chiral pool, has provided significant impetus
to the search for selective catalyst systems compatible with
these substrates.[6,7] A short monologue on this topic detailing
early successes appeared in 2004;[8] the objective of this
Highlight is to present selected subsequent developments.
In 2003, Shibasaki and co-workers reported on a bimet-

allic gandolinium-based catalyst capable of promoting enan-
tioselective Strecker reactions of N-diphenylphosphanoyl

ketimines 1 (Scheme 1) with moderate to good enantioselec-
tivity.[9a] The catalyst was formed in situ by mixing Gd(OiPr)3
and d-glucose-derived ligand 3 in a 1:2 ratio, although the
active species was postulated to be a 2:3 complex, represented
by 4. In attempting to expand the scope of these reactions to
include heterocycle-substituted and cycloalkanone-derived
ketimines, it was observed that the enantioselectivity of the
addition reaction, which was initially poor, increased dramat-
ically at high catalyst loadings. Speculating that the improve-
ment was due to the excess of ligand 3 acting as a Brønsted
acid capable of protodesilylation, the authors found that the
addition of stoichiometric amounts of 2,6-dimethylphenol 5
led to substantial improvements in both reactivity and
selectivity (Scheme 1) at �40 8C. Thus, a-amino nitriles
derived from challenging cyclic, heterocycle-substituted,
aliphatic-ketone-derived, and (significantly) non-methyl-ke-
tone-derived ketimine substrates 6–9 could be isolated in
excellent yield and enantioselectivity, and at low catalyst
loadings. It was proposed that the catalytically active species
in the presence of 5 is desilylated 4a (detected by mass
spectrometry upon the addition of 5 to 4), which acts as a
bifunctional catalyst which is able to coordinate the imine
electrophile, deliver a bound cyanide ion to a single imine face
(A), and subsequently protonate the resulting tetrahedral
intermediate (B).[9b,10] The high potential utility of this
reaction was underscored by its use in the enantioselective
synthesis of (+)-lactacystin[11] and key chiral precursors to
antifungal agents.[12] It was subsequently demonstrated that
both reactivity and selectivity depended strongly on the three-
dimensional organization of the ligands. For example, an
attempt to crystallize the catalytically active species resulted
in a complex that catalyzed the formation of the opposite
product enantiomer to that afforded by a catalyst generated
in situ using the same ligand with excellent enantioselectiv-
ity.[13]

Recently Rueping et al. reported that axially chiral
phosphoric acid derivatives, such as 10, that are capable of
activating imines substituted with simple N-alkyl protecting
groups could promote highly enantioselective Strecker reac-
tions of aldimine substrates.[4g] When this methodology was
applied to the corresponding ketimines, the adducts were
isolated with lower but appreciable levels of enantiomeric
excess (Scheme 2).[14] Although this methodology is not as
selective and efficient as the benchmark thiourea catalyst
systems pioneered by Jacobsen and Vachal[15] for use with
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these substrates (detailed in a previous Highlight[8]), it should
be pointed out that the phosphoric acid-catalyzed reactions
were carried out at a higher temperature (�40 8C vs. �75 8C).
Feng et al. have recently developed chiral N,N’-dioxides

for use as catalysts for the asymmetric hydrocyanation of
ketimines such as 14 (Scheme 3).[16,17] The cata-
lyst 13a is prepared in situ by the oxidation of
diamine 13 and could promote the formal[18]

addition of HCN to a variety of substrates,
including cyclic, heterocycle-substituted, aliphat-
ic-ketone-derived, and non-methyl-ketone-de-
rived ketimines. Although the products from
these reactions were isolated in good to excellent
levels of enantiomeric excess, catalyst efficiency
and enantioselectivity is not on a par with
ShibasakiCs gadolinium-based system (see
Scheme 1). It is noteworthy however that 13a
can be utilized at temperatures closer to ambient
and the catalyst could be recovered by chroma-
tography after reaction and reused in five iter-
ative cycles without loss of efficiency or enantio-
selectivity. A selectivity model was proposed in

which binding of the imine elec-
trophile mediated by hydrogen
bonding to the amide substitu-
ent occurs in such a way as to
minimize steric interaction be-
tween the bulky diphenylphos-
phinyl and catalyst adamantyl
moieties, which allows the N,N’-
dioxide-activated TMSCN nu-
cleophile to add to the electro-
phileCs si face selectively (C,
Scheme 3).
Feng et al. also very recently

reported the discovery of a
highly enantioselective general
catalyst system compatible with
both aldimine and ketimine sub-
strates at�20 8C.[19] It was found
that a binary ligand system of
cinchonine (16) and bis(phenol)
17 together with Ti(OiPr)4 in a
5:6:6 ratio could promote the
highly efficient and enantiose-
lective hydrocyanation of N-to-
syl ketimines in the presence of
TMSCN and isopropyl alcohol
(Scheme 4). The catalyst system
was of wide scope: both aldi-
mines and ketimines could be
transformed under almost iden-
tical reaction conditions and
both yield and enantioselectivity
were uniformly excellent. A va-
riety of substrates are tolerated
by the catalyst, including methyl
(e.g. 18), heterocyclic, aliphatic-
ketone-derived, non-methyl-ke-

tone-derived (e.g. 19), and (for the first time) diaryl ketimines
(e.g. 20). Experiments involving the addition of TMSCN to
substrate 18 in which 17 was replaced by (R)- and (S)-binol
demonstrated that the former (R)-binol enantiomer afforded
the product in relatively low yield and enantioselectivity

Scheme 1. Bimetallic catalysts for the Strecker reaction and the beneficial effects of a phenolic additive
5. R1, R2 shown in substrates 6–9 ; ligand 3 shown coordinated schematically to 4. TMS= trimethylsilyl.

Scheme 2. Chiral phosphoric acid catalysis of ketimine hydrocyanation. Ac2O=acetic anhydride.

Scheme 3. A Strecker reaction promoted by a recoverable N,N’-dioxide catalyst 13a.
mCPBA= meta-chloroperoxybenzoic acid.
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(25%, 71% ee, S product configuration) whereas for the (S)-
binol isomer, nearly identical results were obtained to those
using ligand 17. In the absence of bis(phenol) or bis(naphthol)
ligands, no reaction occurred. Thus although the alkaloid is
responsible for facial recognition by the catalyst formed
in situ, the bis(phenol) ligand also plays a key auxiliary role.
Feng and co-workers therefore proposed a preliminary model
(D, Scheme 4) in which the substrate, the cinchona alkaloid
and the bis(phenol) ligand (in the S configuration shown)
coordinate to the titanium ion. The resultant activated imine
is attacked by the Lewis-base-activated TMSCN[20] in a
tuneable asymmetric environment. The facile, in situ catalyst
synthesis from readily available materials, the broad substrate
scope, and high adduct yield/enantiopurity possible using this
methodology make it a valuable addition to the growing array
of methodologies available for the catalytic asymmetric
synthesis of a-substituted a-amino nitriles.
In summary, great strides have been made in towards

general catalyst systems for the asymmetric hydrocyanation
of ketimines in a relatively short space of time. Most of the
more recently reported catalysts have been designed for use
with activated N-phosphinyl or N-tosyl ketimines, which
complement Jacobsen and VachalCs systems[15] for N-alkyl
protected substrates. Although this is certainly good news for
the practitioner, as always, scope for further development
remains. As the field matures, catalyst systems for activated
N-protected ketimines that are demonstrably compatible with
Lewis basic and/or protic substrate functionality (e.g. secon-
dary amides, carbamates) present in many multistep synthe-
ses, and an enantioselective Strecker reaction involving
imines formed in situ from achiral ketone substrates[21] would
represent most welcome advances.
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Scheme 4. A titanium-based Strecker reaction catalyst system formed in situ.
For 21, 16 (5 mol%), 17 (6 mol%), and Ti(OiPr)4 (6 mol%) were used. Ts=4-
tolylsulfonyl, Tol=4-tolyl.
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