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NEW APPROACH TO DIETHYL 
2-AMINOALKYLPHOSPHONATES 

T. GAJDA, M. NOWALINSKA, S. ZAWADZKI and A. ZWIERZAK* 
Institute of Organic Chemistry, Technical University (Politechnika), Zwirki 36, 

90-924 Lddi ,  Poland 

(Received April 4, 1995) 

Diethyl 2-aminoalkylphosphonates 5 have been obtained in good yields in a one-step procedure em- 
ploying the Mitsunobu reaction of diethyl 2-hydroxyalkylphosphonates 2 with hydrazoic acid, and 
subsequent treatment of the intermediate azides 3 with triphenylphosphine, followed by hydrolysis of 
the iminophosphoranes 4 with water. 

Key wordr: Diethyl 2-aminoalkylphosphonates, diethyl 2-hydroxyalkylphosphonates, Mitsunobu reaction, 
Staudinger reaction, azidation of alcohols. 

INTRODUCTION 

Over the last thirty five years the aminophosphonic acids have attracted consid- 
erable attention as biologically active surrogates for the natural amino acids in 
various peptides and peptide-based enzyme inhibitors. 1,2 Although several general 
procedures for the preparation of 1-aminoalkylphosphonic acids have been pub- 
lished,2-6 relatively few reports have presented possible synthetic approaches to 2- 
aminoalkylphosphonic acids and their dialkyl esters.'-'O Among the spectrum of 
these methods the reductive amination of 2-oxoalkylphosphonates by means of 
ammonium acetate/sodium cyanoborohydride* seems to be the most reliable pro- 
cedure of choice. In addition to the methods leading to racemic products two multi- 
step procedures starting from optically active amino acids and giving enantio- 
merically pure 2-aminoalkylphosphonic acids have been also published. 1 , 1 1  

RESULTS AND DISCUSSION 

Reductive amination of dialkyl 2-oxoalkylphosphonates as a route to the corre- 
sponding 2-aminoalkylphosphonates albeit straightforward to follow suffers, how- 
ever, from limited availability of the starting materials and the necessity of using 
expensive sodium cyanoborohydride. 

It was found recently that azidation of diethyl 1-hydroxyalkylphosphonates under 
the Mitsunobu conditions followed by Staudinger reaction of the resulting crude 
azides and hydrolysis of the intermediate iminophosphoranes offers a convenient 
one-pot approach to diethyl l-aminoalkylphosphonates'2 and O-ethyl-l-aminoal- 
kylphosphinates. l3  Analogous approach has been also recently proposed for the 
preparation of both enantiomers of 2-amino-1-hydroxyethylphosphonic acid. l4  Di- 
ethyl 2-hydroxyalkylphosphonates, potential starting materials for the synthesis of 
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diethyl 2-aminoalkylphosphonates, became recently readily accessible by regiose- 
lective epoxide ring opening in diethyl 2,3-epo~ypropylphosphonate'~ with Grig- 
nard reagents in the presence of catalytic amounts of C U I . ' ~ , ' ~  

In connection with our studies on converting a hydroxy function into the amino 
group we report herein a general protocol for a one-pot transformation of diethyl 
2-hydroxyalkylphosphonates 2 into diethyl2-aminoalkylphosphonates 5. The start- 
ing materials, diethyl2-hydroxyalkylphosphonates 2, are conveniently prepared by 
the action of alkyl( ary1)magnesium bromides on diethyl 2,3-epoxypropylphos- 
phonate 1 in the presence of 10 mol-% CuI. 

The previously described procedure" erroneously suggests the use of equimolar 
amount of CuI, which was now found to be inappropriate. All diethyl 2-hydroxy- 
alkylphosphonates 2 thus formed (except diethyl 2-hydroxy-3-phenylpropylphos- 
phonate 2g) were in crude state notoriously contaminated with 5-15% of diethyl 

TABLE I 
Diethyl 2-Hydroxyalkylphosphonates 2a-g 

Yield of isolated, pure product. Satisfactory analytical data obtained: C f 0.25, 

H iO.12,  P*O.35.  ' Prepared from the respective organocuprate according to the 

previously described procedure. Crude product, containing - 15% of diethyl 2- 

hydroxy-3-bromopropylphosphonate (31P-NMR), which could not be purified by 

distillation. Used in crude from for transformation into 5d. ' Prepared by the action 

of 3 moles of phenylmagnesium bromide and 0.3 mole of Cul on 1 mole of 1; 2h 
at 0" and 2h at refuxing THF. Separated from biphenyl by bulb-to-bulb distillation. 
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4 RMgBr I 10 mol.-% Cul . (Em), p T  Ph3P I Eto2c)s=NC~Et I HN3 ~ 

c4a2. -1wc to r.t., 20h 0 OH THF. - W C  to OOC, 2h 
0 

1 

3 

PhQP I benzene 
r.t.. 2h - 

2 

4 

H20, 50 - 55OC 
5h 

~ ~~ 

1 - 5  a b t d a f a 

R Me Et i-Pr Bu i-Bu oCeHll Ph 

SCHEME I 

TABLE I1 
Diethyl 2-Arninoalkylphosphonates 5a-g 

11 ComNpoqund R I Yield' Hemioxalateb 
( %) (mlz) m.p.t"C) 

1.4434 224(M + 1 ) 107-1 09 

1.4436 23aM + 1) 70-72.5 

64 1.4470 252(M+1) 96-97.5 

36 1.4483 252(M+?I 97-99 

a Yield (24) of isolated, pure compound. All hemioxalates were satisfactorily 
analysed: Ck0.4, Hk0.2, Nk0.25, Pk0.32. "Yield can be increased to 43% by 
careful reextraction with water the acidic dichloromethane extracts and subsequent 
standard work-up with solid K,CO,. 

2-hydroxy-3-bromopropylphosphonate (31P-NMR) resulting from the reaction of 1 
with magnesium bromide present in equilibrium with the Grignard reagent. l8 This 
impurity could be, however, easily removed by bulb-to-bulb distillation. Yields of 
pure 2 and their 31P-NMR spectra are listed in Table 1. 

According to Scheme I diethyl 2-aminoalkylphosphonates 5 are obtained by 
reacting diethyl 2-hydroxyalkylphosphonates 2 with the preformed betaine-type 
adduct to triphenylphosphine-diethyl azodicarboxylate-hydrazoic acid under the 
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Mitsunobu conditions. The azides 3 thus formed are converted “in situ” by the 
Staudinger reaction into the iminophosphoranes 4 giving the corresponding diethyl 
2-aminoalkylphosphonates 5 in good yield (36-81 %) directly on hydrolysis with 
water. The results are summarized in Table 11. The structure of diethyl 2-ami- 
noalkylphosphonates 5 was unequivocally confirmed by IR, ‘H-NMR and 31P-NMR 
spectroscopy (Table 111) and additionally ascertained by molecular weight deter- 
mination and derivatisation with oxalic acid (Table 11). 

In conclusion, the procedure described here offers a general, convenient, and 
economic route to diethyl2-aminoalkylphosphonates 5 with a relatively wide range 
of substituents at C-3 carbon. Owing to the use of easily accessible substrates and 
mild conditions of transforming the hydroxy group into the amino functionality the 
method can be considered as a useful alternative to the existing procedures. 

EXPERIMENTAL 

3’P-NMR spectra were recorded on a Bruker HFX-90 spectrometer operating at 36.43 MHz. Positive 
chemical shifts are downfield from ext. H,PO,. IH-NMR spectra were recorded on a Bruker AC 200 
spectrometer operating at 200 MHz (CDC1,solnsmMS int.) FAB/MS were measured on a APO Electron 
(Ukraine) Modell MI 12001 E mass spectrometer equipped with a FAB ion source (thioglycerol matrix). 
Melting points are determined in open capillaries and are uncorrected. 

Diethyl2,3-epoxypropylphosphonate was prepared as described p r e v i o ~ s l y ’ ~ ~ ~ ~  but only in about 50% 
yield. ”P-NMR (neat):6 = 26.32 ppm. 
Diethyl 2-hydroxyalkylphosphonates 2b-f were obtained following essentially the procedure pub- 

lished earlier’? but using 10 mol-% of CuI instead of erroneously recommended equimolar amount of 
this catalyst. 

Diethyl2-hydroxybutylphosphonate 2a was obtained from the respective organocuprate. l 7  

Preparation of diethyl2-hydroxy-3-phenylpropylphosphonate 2g was substantially modified (see foot- 
note e,  Table 11). 

Diethyl2-aminoalkylphosphonates 5a-g; General procedure. A solution of diethyl azodicarboxylate 
(DEAD) (2.09 g, 0.012 mol) in CH,CI, (5 mL) is added dropwise with stirring and external cooling 
(dry ice-acetone bath) to a solution of Ph,P (3.14 g, 0.012 mol) in CH,CI, (20 mL) at -5°C. The 
mixture is cooled to - lOT, and 1.85 molar solution of HN, in benzeneI9 (0.0125 mol) is slowly added. 
Stirring is continued for 5 min at WC, and appropriate 2-hydroxyalkylphosphonate 2 (0.01 mol) is then 
added. The mixture is kept for 30 min at WC, and stirring is then continued for 20 h at r.t. The 
precipitate of ethyl 3-(ethoxycarbonyl)carbazate is filtered off, the filtrate is evaporated under reduced 
pressure, and the semisolid residue is extracted with hexane (3 x 50 mL). The combined extracts are 
evaporated in vacuo. The oily residue is dissolved in benzene (10 mL), and Ph,P (2.75 g, 0.0105 mol) 
is added in one portion to the solution. Stirring is continued for 2 h at r.t. Water (1.8 mL, 0.1 mol) is 
then added and the mixture is heated for 5 h at 50-55°C. The mixture is cooled to r.t., and the product 
is extracted with 5% aq. HCI (3 x 5 mL). The combined acid extracts, are then reextracted with 
CHZCI, (3 x 15 mL). The acid phase is then cooled to O’C, and the solution is made alkaline by the 
addition of an excess of solid K,CO,. The product is extracted with CH,CI, (5 x 30 mL) and is then 
dried over Na,SO,. Solvent is evaporated under reduced pressure and the rest of the volatile material 
is removed at 4O0C/O.02 Torr, to give pure 2-aminoalkylphosphonate 5 (Tables I1 and HI). 
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