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1. Introduction

a-Aminoalkylphosphonic acids 1 are structurally analogous to
a-amino acids 2, obtained by isosteric substitution of the planar
and less bulky carboxylic acid (CO2H) by a tetrahedral phosphonic
acid functionality (PO3H2). Several aminophosphonic, amino-
phosphinic, and aminophosphonous acids have been isolated from
various natural sources, either as free amino acids or as constitu-
ents of more complex molecules.1 Many natural and synthetic
aminophosphonic acids, their phosphonate esters and short pep-
tides incorporating this unit exhibit a variety of biological proper-
ties.2 Their diverse applications include enzyme inhibitors3 such as
synthase,4 HIV protease,5 renin,6 phosphatase activity,7 PTPases,8

and potent antibiotics,9 as antibacterial agents,10 antiviral,11 anti-
fungal,12 herbicides,13 and antitumor agents.14 Their role for anti-
body generation is also well documented.15 In addition, the
incorporation of cyclic amino acids of medium ring size into key
positions in peptide chains plays an important synthetic role, and
constitutes the most prominent pathway to conformationally
constrained peptidomimetics, a tool in modern drug discovery.16

H2N
O

OH

α-amino acid, 2
R

H2N P
O

α-aminophosphonic acid, 1
R

OH
OH

In addition, a-aminophosphonic acids and their monoalkyl es-
ters are also of interest in hydrometallurgy in order to extract
metals17 and in diagnostic medicine as screening agents, once
complexed with lanthanides and actinides.18,19

It is well known that the biological activity of a-amino-
phosphonic acids and derivatives depends on the absolute con-
figuration of the stereogenic a-carbon to phosphorous.20 For
example, (R)-phospholeucine 3 is a more potent inhibitor of
leucine aminopeptidase than the S enantiomer,21 and (S,R)-ala-
fosfalin 4 shows higher antibacterial activity against both Gram-
positive and Gram-negative microorganisms than the other three
diastereoisomers.22
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In view of the different biological and chemical applications of
the a-aminophosphonic acids and derivatives, in the last 35 years
the development of suitable synthetic methodologies for their
preparation in optically pure form has been a topic of great interest
in several research groups. In this context, several protocols for
efficient asymmetric synthesis of a-aminophosphonic acids and
derivatives have emerged in recent years and several reviews have
been published.23 Now we would like to report herein an update of
the stereoselective synthesis of a-aminophosphonic acids and their
derivatives from 1998 to 2007. The principal synthetic strategies for

a-aminophosphonic acids and their derivatives in an optically pure
form can be classified into C–P bond formation using the Strecker-
type process, C–C bond formation derived from diastereoselective
alkylation of phosphonoglycine equivalents, C–N bond formation
derived from diastereoselective electrophilic amination, catalytic
hydrogenation of dehydroaminophosphonates, resolution, and
chiral pool processes.

2. Stereoselective synthesis of a-aminophosphonic acids and
derivatives

2.1. Stereoselective C–P bond formation

The nucleophilic addition of a dialkyl or diaryl phosphite to
imines or oxoiminium derivatives, the Pudovik reaction,24 is one of
the most convenient methods for the preparation of a-amino-
phosphonates, key intermediates in the synthesis of a-amino-
phosphonic acids. In this context, the stereoselective synthesis of
a-aminophosphonates can be carried out by four routes: (1) addi-
tion of alkyl phosphites to chiral imines readily obtained by con-
densation of aldehydes with chiral amines, (2) addition of alkyl
phosphites to chiral imines readily obtained by condensation of
chiral aldehydes with non-chiral amines, (3) addition of chiral alkyl
phosphites to non-chiral imines, and (4) addition of non-chiral
alkyl phosphites to non-chiral imines in the presence of a chiral
catalyst (Scheme 1).
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Scheme 1.

2.1.1. Addition of alkyl phosphites to imines derived from chiral
amines

The first synthesis of enantiomerically pure a-aminophosphonic
acids was described by Gilmore and McBride in 1972.25

They reported that the addition of diethyl phosphite to the
imine (S)-5a, readily obtained by condensation of benzaldehyde
and (S)-a-methylbenzylamine [(S)-a-MBA], afforded the
a-aminophosphonates (R,S)-6a and (S,S)-7a (X¼O) with a 66:34
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