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Abstract—In this paper we describe a simple and efficient method for the synthesis of �-carbon deuterium labelled L-�-amino
acids via asymmetric alkylation of a benzophenone-derived glycine imine. The key alkylation step employs a chiral quaternary
ammonium salt derived from cinchonidine in conjunction with KOD in D2O enabling both side-chain and isotopic label to be
incorporated in a single reaction step. Mild acid hydrolysis of the resulting imines then furnishes the labelled amino acid esters
in good overall yield and high enantiomeric excess. © 2002 Elsevier Science Ltd. All rights reserved.

�-Carbon deuterium-labelled L-�-amino acids 1 have
found utility in the elucidation of biosynthetic path-
ways and the mechanistic investigation of amino acid
processing enzymes.1 In addition their incorporation
into peptides and proteins can be useful in facilitating
the assignment of spectroscopic data and in the investi-
gation of secondary and tertiary structure.2,3

As a consequence a variety of methods for the synthesis
of these materials have been developed.4 Many of these
involve the preparation of racemic 2H-2 amino acids
followed by resolution5 or chiral chromatography.6

However, a number of asymmetric approaches have
also been developed including enzyme mediated deuter-
ation of amino acids,1b,7 enzymatic reductive amination
of pyruvates,3a,8 auxiliary-based asymmetric alkylation
of glycine derivatives,9 and chiral memory-based asym-
metric alkylations.10

We have recently been involved in expanding the utility
of cinchona alkaloid derived chiral phase-transfer cata-
lysts (PTCs) (e.g. 2) and have primarily focused on the
identification and development of highly practical
ambient temperature processes that utilize these materi-
als.11 A significant part of this work has been concerned
with optimization of the asymmetric alkylation of
amino acid derived imines (e.g. 3), a process that was
originally developed by O’Donnell, and has recently
received attention from a number of groups.12 This
work has led to the development of highly efficient
methods for the synthesis of �-amino acids, and in this
paper we examine its application in the preparation of
�-carbon deuterium-labelled �-amino acids.

Initially we investigated the rate of 1H/2H exchange for
imine 3 under typical liquid–liquid phase-transfer alkyl-
ation conditions (Scheme 1). It was found that, even in
the absence of a PTC, imine 3 was rapidly deuterated at
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C-2. In contrast, alkylation of imine 3 (or 4) with 1
equiv. benzyl bromide requires 5–10 mol% of a PTC in
order to achieve reasonable rates of reaction.13 This
may indicate that in the absence of a PTC, interfacial
deprotonation takes place generating a hydrated eno-
late that is relatively unreactive towards the hydropho-
bic alkyl halide. Addition of a quaternary ammonium
ion PTC could then promote alkylation by reducing the
hydration state and/or extracting the enolate into the
organic reaction phase.14

These observations suggest that it should be straightfor-
ward to access �-carbon deuterium-labelled L-�-amino
acids directly from imine 3, simply by pre-mixing with
commercially-available 11.7 M KOD/D2O prior to
addition of the PTC and alkylating agent.15 In order to
test this hypothesis we applied these conditions in the
reaction of imine 3 with a range of alkylating agents
(Table 1). For this study we chose to use chiral PTC
catalyst 2, since previous work in our group had indi-
cated that this is the optimal catalyst for the generation
of L-amino acid derivatives.11a,f

In all cases the alkylation product 5 was obtained
typically with =95% 2H incorporation at H-2 as deter-
mined by 1H NMR and mass spectrometric analysis. In
addition, high levels of asymmetric induction (>90%
e.e.) were obtained with most alkylating agents. This,
coupled with the simplicity of the reaction conditions,

suggests that asymmetric PTC alkylation is a highly
effective means of accessing materials of this type.15

It is interesting to note that when propargyl bromide
was used as the alkylating agent, substantial deutera-
tion of the acetylenic position occurred (Table 1, entry
f). This suggests that the reaction conditions employed
will effect efficient 1H/2H exchange of C–H acidic
groups with pKa(H2O)�23. This offers a means of
introducing additional isotopic substitution, but is not
a limitation of the chemistry since any undesired
exchange in the side-chain can be reversed by treatment
with KOH/H2O (Scheme 2). Using these conditions, no
significant levels of exchange at C-2 could be detected.

Hydrolysis of the imine functions under standard
conditions12 proceeds without loss of deuterium label
and furnishes the �-carbon deuterium-labelled L-�-
amino acid esters 6a–g in good overall yield (Table 2).

Thus this constitutes a simple two-step method for the
preparation of �-carbon deuterium-labelled L-�-amino
acid esters suitable for incorporation into peptide syn-
thesis. This chemistry is compatible with the use of
isotopically labelled alkylating agents and so could be
utilized in the synthesis of a wide variety of multiply
labelled amino acid derivatives.

In conclusion, we have demonstrated that the phase-
transfer asymmetric alkylation of glycine imine 3 using
KOD/D2O, followed by cleavage of the imine function,
is a highly effective strategy for the preparation of
�-carbon deuterium labelled L-�-amino acids. Exten-
sion of this methodology to other important amino acid
derivatives is currently under investigation.

Table 1.

Scheme 2.

Table 2.

Atom% 2HaProduct % Yieldb

�946a 90
�956b 80
�956c 84

6d �95 92
6e �95 70
6f �95 74
6g �90 86

a At C-2 via H NMR/mass spectrometry.
b Overall yield for alkylation/hydrolysis.
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