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Abstract—The stereocontrolled synthesis of amino hydroxyalkyl diphenylphosphine oxides has been achieved starting from (2S,3S)-
N,N-dibenzyl-3-hydroxy-2-methylazetidinium bromide or (1R),[1 0(S)-(dibenzylamino)ethyl]oxirane. The regioselective ring opening
of both heterocyclic systems at the less substituted carbon atom with phosphorus nucleophiles proceeded with full stereochemical
integrity.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Enantiomerically pure phosphorus compounds are in
great demand as chiral auxiliaries for asymmetric syn-
thesis.1 For many of these compounds, chirality resides
not in phosphorus but rather in the carbon skeleton.2,3c

Chiral phosphines constitute the main family of ligands
for catalysis.3 During the last ten years, much attention
has been paid to chiral aminophosphine ligands or gene-
rally to functionalized phosphines.3b,c

Our laboratory has been engaged in the study of the ring
opening reactions of 3-hydroxyazetidinium salts and
amino oxiranes with phosphorus-containing nucleo-
philes which lead to b-hydroxy-c-aminoalkylphospho-
nates and the corresponding phosphine oxides on a
propane and/or butane skeleton.4

Recently, Spanish authors5,6 demonstrated that 3-
hydroxyazetidinium salts and amino oxiranes could be
prepared in over 98% enantiomerically pure form from
natural amino acids. This finding opened the possibility
to prepare a variety of interesting compounds in a ste-
reocontrolled manner, using our strategy. In this letter
we describe the preliminary results of our studies on
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the stereocontrolled synthesis of 3-amino-2-hydroxy-
alkyl diphenylphosphine oxides.
2. Results and discussion

The starting dibenzyl protected azetidinium salt 1 as well
as oxirane 3 were prepared according to the procedure
described by Barluenga et al.5 and Concellón et al.6 from
LL-alanine. The spectroscopic and optical properties of 3
were in accord with those described in the literature.5,6

(2S,3S)-N,N-Dibenzyl-3-hydroxy-2-methylazetidinium
bromide 1 has been fully characterized spectroscopi-
cally.7

From our previous studies4 it was clear that for the
reaction of 1 with phosphorus nucleophiles the hydroxyl
should be protected to avoid side reactions. The
procedure for the protection of the –OH group in the
Bn2N
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azetidinium salt used previously4b required rather dras-
tic reaction conditions. For the chiral salt 1 we decided
to elaborate a possibly milder procedure. However, seve-
ral typical methods for benzylation or silylation of the
–OH group failed. The best result was achieved using
the reaction with benzyl bromide in the presence of
Ag2O and molecular sieves 4 Å (24 h, room tempera-
ture, CH2Cl2).

8 This process required the change of
counter-anion, thus bromide was first exchanged for
BF4

� (with AgBF4) (Scheme 1). The resultant product
was purified by column chromatography and fully char-
acterized spectroscopically.9

The azetidinium salt 2 was subjected to reaction with
lithium diphenyl phosphide (1.5 equiv) in THF, at
�78 �C, for 12 h. Separately prepared lithium diphenyl-
phosphide was added into the THF solution of the
azetidinium salt at low temperature, under argon. The
reaction course was followed by 31P NMR spectroscopy
which showed that the appearance of the phosphine 4
and the disappearance of the phosphorus substrate
was rather slow. When the reaction was quenched the
unchanged substrate was still present in the reaction
mixture. Phosphine 4 was oxidized with tert-butyl per-
oxide and phosphine oxide 5 was isolated and purified
by column chromatography (yield: 40%).10 The yield
was not optimized (Scheme 2).

The amino hydroxy phosphine oxide 6 with the same
stereochemistry but bearing a free hydroxy function
was obtained from oxirane 3 by reaction with the same
anion, followed by oxidation (Scheme 3). The reaction
with oxirane 3 was carried out without the addition of
BF3ÆEt2O typically used in other similar reactions.4c Its
absence decreases the reaction rate and as a consequence
6 was isolated in 40% yield,11 which is consistent with
the results observed for 5.

The phosphine oxides, obtained from both starting
materials, 2 and 3, are formed as a result of regioselec-
tive ring opening of both heterocyclic systems at the less
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substituted carbon atom. Thus, the full stereochemical
integrity of the starting materials is retained in the reac-
tion products.

31P NMR spectroscopy showed in each case only one
signal for one diastereoisomer and 1H and 13C NMR
spectra were in accord with the structures of the
products.

The enantiomeric purity of the 3-amino-2-hydroxyalkyl
phosphine oxides was additionally confirmed by esterifi-
cation of the hydroxy group with (R)-(�)-a-methoxy-
phenylacetic acid, using the described procedure.12

Only one signal for one diastereoisomer was visible in
the 31P NMR spectra.

For comparison, an alternative known approach13 was
applied to prepare 6. The synthesis involved the reaction
of the carbanion generated from methyldiphenylphos-
phine oxide with the ethyl ester of N,N-dibenzyl pro-
tected alanine, followed by reduction of ketophosphine
oxide 7 (yield: 87%)14 with LiAlH4 (yield: 66%) (Scheme
4). The phosphine oxide 6 prepared according to
Scheme 4 exhibited the same spectral and optical prop-
erties as that obtained from oxirane 3.

Using the carbanion generated from methyldiphenyl-
phosphine oxide in a reaction with oxirane 3 we ob-
tained a phosphine oxide possessing a five carbon
skeleton (Scheme 5). The 31P, 1H, and 13C NMR spectra
of 8 were in agreement with the assigned structure.15
3. Conclusion

In summary, we have developed a stereocontrolled
synthesis of 3-amino-2-hydroxyalkyl(diphenyl)phos-
phine oxides starting from (2S,3S)-N,N-dibenzyl-3-
benzyloxy-2-methylazetidinium tetrafluoroborate or
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from (1R),[1 0(S)-(dibenzylamino)ethyl] oxirane and lith-
ium phosphide or the carbanion generated from methyl-
(diphenyl)phosphine oxide. Regioselective opening of
the azetidinium and oxirane rings at the less substituted
carbon atom with the nucleophile enables a ready access
to possible precursors of tridentate ligands or building
blocks of the determined configuration and optical
purity.
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