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Abstract: A new procedure has been developed for the synthesis of 1-
aminophosphonic ~ acids. Diethyl  phosphonates  are  converted o
hydroxyiminophosphonates when treated with hydroxylamine hydrochloride.
Reduction of hydroxyiminophosphonates with NaBH, in MeOH in the presence of
MoQ; or NiCl, and hydrolysis of 1- aminophosphonates gave 1-aminophosphonic
acids in good yield.

1-Aminophosphonic acids are analogues of naturally occurring 1-amino acids in biological
systems. They are an important class of compound with applications as potent antibiotics, enzyme
inhibitors, pharmacological agents, herbicides, antiviral agents, as well as being the key building
block of phosphonopeptides'™ Several approaches to the synthesis of these materials are
available. In the present work we describe a route for the synthesis of 1-aminophosphonic acids
via reduction of 1-hydroxyiminophosphonates

A number of methods already exist for the reduction of oximes °, such as catalytic
hydrogenation over 5% Pd/C with trace amount of water®; catalytic hydrogenation over Raney
nickel with methanol or liquid ammonia ’; reduction over aluminum amalgam in ether®; reduction
over activated zinc dust in formic acid’ , and reduction with lithiumborohydride /trimethylsilyl
chloride mixture in THF™.
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Herein we report the simple reduction of 1-hydroxyiminophosphonate 1 with NaBH, in
the presence of transition metal compounds. In the literature there are various methods for the
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reduction of simple ketoximes using NaBH, in the presence of transition metal compounds such
as Co(II), Ni(I),Cu(II), Rh(III), Pd(II) and Mo(VI)"' . The present synthetic route begins with
readily available acyl or aroyl halides and triethyl phosphite and leads to formation of diethyl
acyl(aroyl)phosphonates, utilizing the classical Michaelis-Arbuzov rearrangement'”. The reaction
of phosphonates with hydroxylamine hydrochloride in pyridine and ethanol yields the crude 1-
hydroxyiminophosphonates nearly quantitatively. The reduction of 1-hydroxyiminophosphonates
with NaBH, in the presence of MoO; or NiCl,.6H,0 at ambient temperature in methanol and at
normal pressure gave the corresponding O,0-diethyl 1-aminoalkyl(aryl)phosphonates 2 in good

yield (Scheme) (Table).

Table 1 a-Aminophosphonic Acids Synthesized'*

2
3P NMR{ppm) Yield(%)

R Yield(%) mp. (C),
MoO;- NiCl,
a CH, 59 51 3112 96 271-3%.14cd
b C,H 64 61 3002 92 262414
¢ (CH),CH 68 67 2813 91 268-7014-¢
d CHCH, 71 73 3026 90 268-71%
e [ 69 52 2912 8 21684
0
£ 67 61 2971 85 220414
S
g ”/_]— 71 66 3014 89 248-5014
h  CHs 92 79 316l 96 28]-314es
i 77 76 3121 93 26364
cl
CH,
i 91 83 3026 92 261-314
H,

The cleavage of esters 2 can be easily achieved with propylene oxide, and this leads to 1-
aminophosphonic acids 3 in high yields™'*. In general, using MoQ; gave better yields than
NiCl;.6H,0 and the ratio for the best yield was: substrate/ NaBH,/ MoO; 1/1.5/5 or substrate/



NaBH4#/NiCl, 1/2/5. The mechanism of the reaction is uncertain. The substrate either gives a
complex with the transition metal compound, reduction occurring with the hydride donor, or the
reduction occurs directly with the transition metal hydride. Some advantageous features of our
procedure are: (a) Starting materials are cheap, and the experimental procedure is very simple; (b)
1-amnophosphonates can be obtained in one step; and (c) l-aminophosphonates may be
synthesized without fear of thermal decomposition of the hydroxyimino substrate. (d) This
method may be applicable to large scale production of 1l-aminophosphonates and hence 1-
aminophosphonic acids.
General method for the preparation of Q,0-diethyl 1-aminophosphonic acids

To a mixture of 1-hydroxyiminophosphonate (10 mmol) and MoOs(15 mmol, 1.5
equivalent) or NiCl,.6H,O (20 mmol, 2 equivalent) in distilled methanol (100 mL) was added
carefully NaBH, (50 mmol, 5 equivalent) (exothermic reaction) at rt. The resulting dark colored
mixture was stirred at ambient temperature for 6h (checked by TLC; Silica Gel, EtOAc: Hexane )
and then filtered. The resultant mixture was concentrated under reduced pressure . The residue
was treated with aqueous KOH (20%) and extracted several times with dichloromethane. The
aqueous layer was saturated with NaCl and extracted again with dichloromethane. The combined
organic layer were washed with water and again with brine, before being dried over MgSO,.
After filtration and evaporation of solvent, the 1-amino derivative was obtained as an oil. Further
purification, if necessary, was achieved by distillation under high vacuum. To a mixture of hot
ethanol (10 ml) and O,O-diethyl 1-aminophosphonic acid (1 mmol) was added propylene oxide (1
ml) with stirring After the precipitation was complete, the analytically pure aminophosphonic
acids were filtered of.
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