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The reduction of g-N-benzylamino-b-ketophosphonates 7 de-
rived from readily available amino acids can be carried out
stereoselectively with Zn(BH4)2 at 278 °C to produce the anti-
g-amino-b-hydroxyphosphonates 8.

Phosphonates and phosphinates functionalized with amino and
hydroxy groups have attracted considerable attention in recent
years for their role in biologically relevant processes such as
inhibition of renin and HIV protease, human calpain I and for their
use as haptens in the development of catalytic antibodies.1 In
particular, b-amino-a-hydroxyphosphonates 1 and g-amino-b-
hydroxyphosphonates 2 have resulted in unique phosphate mimics
with resistance to phosphatase hydrolysis.2

As a result, numerous synthetic methods for chiral non-racemic
b-amino-a-hydroxyphosphonates have been developed.3 However,
to the best of our knowledge, only a few synthetic approaches to
obtain optically active g-amino-b-hydroxyphosphonates 2 are
reported in the literature, which involve the reaction of the anion of
methylphosphonate with a-amino-aldehydes,4 or the catalytic
asymmetric aminohydroxylation of unsaturated phosphonates,4 but
both synthetic approaches yield the g-amino-b-hydroxyphospho-
nates with low enantioselectivity.

Recently we described the reduction of dimethyl g-N,N-
dibenzylamino-b-ketophosphonates 3 with catecholborane, obtain-
ing the dimethyl g-N,N-dibenzylamino-b-hydroxyphosphonates
syn-4 with high diastereoselectivity and good chemical yield
(Scheme 1).5

The absolute configuration of the new stereogenic centre in 4c
and 4d (R = Bn and Ph, respectively) was established by single-
crystal X-ray crystal analysis. The absolute configuration of the
other g-N,N-dibenzylamino-b-hydroxyphosphonates syn-4 was
assigned by analogy. Therefore, the reduction of 3 took place under
nonchelation control or the Felkin–Anh model,6 based on steric
constraints imparted by the bulky N,N-dibenzyl protecting group,
and is independent of the steric demand placed upon the increasing
size of the R group at C-3. This diastereofacial preference is in
agreement with that reported previously for the reduction of
1-aminoalkylchloromethyl ketones,7 for the reductive amination of
a-amino ketones,8 and reduction of 1-aminoalkyl-chloromethyl
ketimines.9

In order to induce the formation of anti-g-amino-b-hydroxy-
phosphonates, we choose now only one benzyl as protecting group.
Thus, the starting N-benzyl methyl esters 6a–e (R = Me a, iPr b,
iBu c, Bn d, Ph e) were prepared by treatment of corresponding
amino methyl ester hydrochloride with K2CO3 and benzyl bromide

in acetonitrile at room temperature. Then, the methyl esters 6a–e
were treated with three equivalents of the lithium salt of dimethyl
methylphosphonate at 278 °C in THF to afford the corresponding
N-benzylamino-b-ketophosphonates 7a–e in excellent yield
(Scheme 2).

Having efficiently prepared the b-ketophosphonates 7a–e, we
turned our attention to the diastereoselective reduction to obtain the
g-N-benzylamino-b-hydroxyphosphonates 8 and 9. The reduction
was carried out with a variety of reducing agents and conditions.
Yields and diastereomeric excess are summarized in Table 1.

Reduction of 7a–e was carried out using NaBH4, catecholborane,
LiBH4 and Zn(BH4)2. Our first trials sought to determine the most
suitable reducing agent. The reduction of 7a–e with NaBH4 at 0 °C
in methanol (entries 1–5) afforded the g-N-benzylamino-b-
hydroxyphosphonates anti-8 and syn-9 with good chemical yields
and moderate diastereoselectivity, in favour of diastereomer anti-8.

Scheme 1

Scheme 2

Table 1 The reduction of 7a–e with various reducing agents10

Entry R Hydride Conditions
Yielda

(%)
31P NMR
banti : syn

anti : 
synb

1 Me NaBH4 MeOH, 0 °C 86 34.94 : 34.68 46 : 54
2 i-Pr NaBH4 MeOH, 0 °C 70 35.65 : 33.44 85 : 15
3 i-Bu NaBH4 MeOH, 0 °C 88 34.84 : 34.71 46 : 54
4 Bn NaBH4 MeOH, 0 °C 65 34.56 : 34.80 55 : 45
5 Ph NaBH4 MeOH, 0 °C 75 35.22 : 34.16 63 : 37
6 i-Pr CB THF, 278 °C 70 35.65 : 33.44 79 : 21
7 i-Pr LiBH4 THF, 278 °C 78 35.65 : 33.44 79 : 21
8 i-Pr LiBH4

c THF, 278 °C 50 35.65 : 33.44 91 : 9
9 Me Zn(BH4)2 THF, 278 °C 88 34.94 : 34.68 67 : 33

10 i-Pr Zn(BH4)2 THF, 278 °C 85 35.65 : 33.44 96 : 4
11 i-Bu Zn(BH4)2 THF, 278 °C 95 34.84 : 34.71 94 : 6
12 Bn Zn(BH4)2 THF, 278 °C 70 34.56 : 34.80 96 : 4
13 Ph Zn(BH4)2 THF, 278 °C 80 35.22 : 34.16 88 : 12
a Chemical yield after purification by column chromatography. b De-
termined by 1H NMR at 400 MHz and 31P NMR at 200 MHz in the crude
reaction. c In presence of ZnCl2 (1 equiv.).
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The diastereomeric excess of the reduction of 7a–e was determined
by means of 1H and 31P NMR. In fact, the signals in 31P NMR for
the diastereomers syn-9 were more shielded than for the diaster-
eomers anti-8 (Table 1). Assignment of the absolute configuration
of the new stereogenic centre in the diastereomer anti-8 was by
chemical correlation. Thus, the mixture of the diastereomers anti-8
and syn-9 was treated with benzyl bromide in acetonitrile at room
temperature to afford a mixture of the known g-N,N-dibenzyla-
mino-b-hydroxyphosphonates. The 31P NMR signals for these b-
hydroxyphosphonates were identical to those obtained for anti-5
and syn-4.5

When the reduction of 7b was carried out with catecholborane
and LiBH4 (entries 6–7), the diastereomers anti-8b and syn-9b
were obtained in a ratio of 79 : 21; these last results were better than
those obtained when the reduction was carried out with NaBH4.
The syn/anti relations obtained with NaBH4, catecholborane and
LiBH4 in the reduction of 7 (entries 1–7) took place under chelation
control, but the chelating atom is not the metal counterion, rather
hydrogen bonding between the NH proton and the carbonyl oxygen
significantly influences the diastereoselection. When LiBH4/ZnCl2
was used at 278 °C (entry 8) the corresponding b-hydrox-
yphosphonates were obtained with high diastereoselectivity and
with a predominance of the desired anti product. However, under
these conditions the reaction was not completed, in spite of using
excess of LiBH4 and a long reaction time.

Finally, with the reduction of 7a–e with Zn(BH4)2 at 278 °C in
THF (entries 9–13), the corresponding g-N-benzylamino-b-hy-
droxyphosphonates were obtained in high diastereoselectivity and
good chemical yield, with a predominance of the desired anti
product. Therefore, the reduction of 7 takes place under chelation
control predominantly, where an acid–base reaction between the
NH proton and Zn(BH4)2 takes place, with molecular hydrogen
evolution, while the zinc ion coordinates with the oxygen of the
carbonyl group (Fig. 1). The reducing agent is more tightly bound
to the substrate, so hydrogen transfer takes place intramolecularly
in a more rigid structure, and is dependent on the steric demand
placed upon the increasing size of the R group at C-3.

In summary, ready access to g-N-benzylamino-b-ketophospho-
nates 7 in conjunction with the reduction of the carbonyl group
using Zn(BH4)2 with very high diastereoselectivity and good
chemical yield under chelation control as described in this paper,
make this experimental operation a good, simple and general

method to obtain the anti-g-N-benzylamino-b-hydroxyphospho-
nates with high diastereoselectivity, which could be used for the
preparation of phosphostatine analogues.
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Fig. 1 Transition state for the intramolecular hydride transfer on the re
face.
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